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nIGa 1 .,Al,Ni'7>)'h-l ({SU YiiO<Y< 
1) ts nSnnsGa^NiSea «SU Z(±0<Z< 
1) i:#HtM$nr*;t), f«ni I n 2 G a,.zN 
rSt£Jf©±t* Hul3pMGa,. x AlxN*7y KJ1#«{ 

Mnt^sc i:sifsti;-rsgB*ii 1 £fa$g©^b# 

•J * A mft^^^^H?. 
[?giP3©SiMifca&W] 
[0 0 0 1] 

[g*±©#Jffl#g] #£^tigfb#^A^(b£W 
«ff*fflv>fe^*H^k:«f), ^{c^ipjSE (vf) 
#ffi<, £e>fc#Bftm^#i^g(b#v*Ai?Hb^ti¥ 

[0 0 0 2] 



(54) istmozm &iti3v o^mz&^m&s&tM^ 



(57) [^fFiS^O&H] 

[§t*sti] p-njg^**-rsy^;^^D«ii© 
^(b^u^Amfb^-^#^^^fct5V>T, Mg# 
H-r^nfepfGa.jA^N (fiU X{i0<X< 

0.5) ^7>yHB©±{C, mmifiMj&ztiz^mt 

bt« MgtfK-7 , $nfepSGaN3>^{'H^ 

cits - t*&mh tzmtJj u * A^b^*##^ 

[R$g2] mitBpMGa.-xAlxN^?^ K«©M 
IttlO^^hD-M^ 0. 2//m«Tt-$S 
- i:4«Sti:^Sil*« 1 tfE*©g{b:ff ■) * A^b^ 

[if#Si3] BufBpSGaN=i>^i7 hflCDKPJil 
0^><^X hD-Atl±, 0. 5 jumUTT-&2>Zb%: 



12778405^ 



im%<D&ffil GaN> GaAIN, InGaN, In 

a i g a N^ogfbtf u <y &m<b'&®*mmtmmm& 

*tt> F^tyytf 1 . 9 5 e V~ 6 e-V^ff 

*ffl^fe^*^?{cii, nliftif U ^ A^b^rt/** 
&©±C, pSKwivb* K-r/bfciSSi&MfciS!© 
^b^'J 0 A^fb^*««:*®« bfcV>t>t9>SM I S- 
Igjgffl -f Y tm h tit W 3 o 

[0 0 0 3] mi smmcDftftm^it, -mzmtmj], 
p -nm-^cD^itm^nm-r^tzibcDtmt bt, #i 

^K1fg|¥3 - 2 1 8 3 2 5^-S?giC*5^T, Uilft 

#U £AfHbi!^^#«C*^!l*f-r Zftffi&mm 

£ftTV>5„ life, 1tSi¥3 - 3 5.7 0 4 69 

X i Slft^J U * A JMbl^3¥*ftJi £ 4 0 0 °CW±T- 

[0 0 0 4] p - ng^©gfb# U -7 A^ft^iJfift 
£*Jffibfc?87fcit^i; LTv M*(i^SS¥4 - 2 4 2 9 

8 5 ^&miz&^x, yyji^um&fDis—y-m? 

#&liS£*VT::fc!K Sfe^fg8¥4 - 2 0 9 5 7 T -ff&fg 
T*fcfc I nGa A 1 N£3g?fcJi£?-3^;i^^ntgjgcD 

[0 0 0 5] 

jgTr'StWtLK^T-^^ViCiiiiae.ttT^S. bfrb 

fofty6m?*mm,L terns, m^btxzmfcjjvo&m 

*^$-&^m?ti i x-%xis$.ocotmmT-$>2> 0 b*> 
*>. mmznmzmttTm?m&tLtzm&. mtxv 
VAmt'&y>)*mte<D.i>mi£&t, zopm&mizBm 
-rznmtw*—?. *> ^mm.^x\^>tzn>, fe&bti 
tzmisfammizttLs mfifams. (vf ) #bk&!k 

[o o o 6] itot, *&w(Dmi(DBm±, pmm^ 
faa>mm*mm?2>z.tiz£*)vt*&T£it, 

^£|6]±£-y-£.r £fc x »2©afl<jfct*©g 



^ © Aftta* * isi± $ -a- 2. - 1 1 * s o 

[0 0 0 7] 

* U £ AmYb^t/^a»<*©±{c«fl b£ p Mgfbtf 'J * 
^i:£Srfcf;:.fI,V">;£ bfe. ^^C-efflpSSfb^U^A 

n«>gi: tv ^r^vyDpjatwjarfttffls*'; *a 

M^ti*i#©lS^t 5 ^ J: t i t) , fi«.«S . 

p - n $ # t- 5 y zrft^ u © gf b # u a m 

iGa H Al,N (IU Xii0<X<0. 5) 
JIffl±fc, 9MifiMi&£tiZ'<.%mt.VX* MgfF- 

it U • $ £ t«f fc(D¥ Q«ji©A*lR? ttx- n 
iafl!#'>!>AM^t*i(WHD±t, .n!Ga H ; ■ 
Al T Nf5» h*& (fiU Ytt0<Y<l) fc, nil. ; 
H!Ga H NSf4I (fib; Z«0<Z<1) fc:, flfBp 
lGa H AljN^5 >v ftjgt, B5f2p^GaNn>^ 

[ooo8] ^m<omtiJ v 
M^cDmm^^tmM^mnzTjkto ta>£jhc, s 

ffil©±C, /ty7 7f2h. n^Sfb^U^A^b^- 
W«»13i:, hiOa M AliN*79 KB4 (0.. 
<Y<1) nSIn z Ga,_ z N (0<Z<1) fgftJl 
5 MgH-7pSGa,.,Al,N (0<X<0. 
5) ^77h - I6i:> Mgb--7pSGaN3>^^b 

K-7pSGaN3^^M7t»lt6nfeti, 9 
tinSM^f U •> A ^<b^%»**^Jl 3 fc&tt 5, tifcS 
fiKT-fe-^o &mi Cttt77-f7, ZnO, SiC, S 
i'***ffifli<*fta. ^5»77lifcttAlN, GaN, 

[0 0 0 9] huS3, fift^f U ^A^ft^^^ATfcH 

«{±W(CK^-T5*)©^<, GaNv GaAlN x In 
GaN> I n A 1 G aNf> J > H— 7" (»iD) ©^ 
fb^U ^A^Yb^&*#^ Sfctty > H-7-©^b7jr 
U>7A^b^*^C «^«Si, Ge/Te> S 

tfiMI b £ ffl O 5 C h #T* £ £ . 
[0 0 10] St, nlGanAlyNi-^v KJB4 
tt» ■e©ifiJE!!c*In4^•^«:^^=7^M^©g{b?!^•J^A 
7;R-9Att2-i!>I^S. ^Hfsfe?., nSGa 
^yAIjN^^u/ H14CffeC-f>i;9A*tt3t 
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Tn*>^T?$S. nIG ai.jA ljNJ'^s' H 

t^T-tS. £££#£b<tt, ¥<1£0. 5WTi:-r 
■5 C i: t i *) tS^ *BS#'J>& < SS©ft©«fcVMi§2» z> v 
H«4#f#«?>ft5o n!Ga l .,Al,Ni'7'yh-i4i: 
fct, B5IBbfc«fcd(C> y>K-rcDGa M Al,N, g; 
fcliniK-M> H£ LT nM^tSSr^-r =fc 3 tc 
f&ftbfcGa,. Y Al Y N£fflO£Ci:#-e#£o 
[OOlllSC, nSI njGa^NrSttJfStt, 
ffliSfiK* A 1 ft V>H7Gigfl©gft;-f* > 3? O A# U 

>K Clffll&ftJi£Al£i^2tf3h^Jpte©?B:#;# 

I n z Ga,. z NfSt4e5{i, *©Zffl* 0 <Z< 1 ©«5H 

xGa^NSttJIBu HlJIBbfciot. y>K-^©I 
n,Oa H «I, ifelinfFwt>h^H-7Un 
SWttft^-TJ: 5 {CfiESbfc I n z G a,J»*«fleffltfS 
£. ££u MW>i:UTMg> Zn, Cd, Be. C 
a3?© p M H > H * H-7 - bT nlRffi^^t <fc 5 

bfe I n z G a ,. Z N« iffiffl T 5 £ i: *> 7? t £ . 
$f.tnIF-^>h, *5<fctfpl!H-^>h£H — 7* 
LTnffi1te*w-rJ:'?fc«ftb& I n^aLzlfef 

ciit-tb, 2g7fce©e&6S£J:< U fB*m**|Sl± 

[0 0 12] Mg H-7pIGa,.,A 1 X N^5 

yp«6ttx nfGaHAl,N^7y HJi4 fcHU 
<* I n£^£;fe^H5ciSIl©^b#y *A 

^H-^AtfS^fcS. HfllBbfcJ: 

■ 6 pSa«rtt*^bfc< 
6T-fe5o plOa H Al x N>5» HJf6<DX 

(U±0<X<0. 5 ©36 Bier 3 OX.*)*. 

bv>^7 r ;i/'S7 1 D«jii:t-5Ci:A s T-^. 0. 5«t»)/h 

vmewmbtiz. m\zo. 5y.±T-$>z£. p 

mt^v FI6©±iC«lt5pSGaN3>^^ H« 
7©i£iH4A s Ii<fc'K =r>*7 M7htffi8J:©* 
-5 £*ifco;fc», 0. 5 5feS§£PB5£<gi: 

bfco C©Mg K-rpIGa w A 1 X N 

* 7 y FJI 6 0JMJPU\ 10*>^7hn-&fil±, 
0. 2/zmWT©$6atc-rsCi:As»*bVAo 1 0*> 
HD-A,fc!)ig^i;, ^©TtC«*-rSn^I n z 
Ga^Ntitt/IS fcSMft£*Si&b-S>-f <fc!K *7 
>y Kfli:bt#fflbt<V>. i3»tc 0 . 2uta£*)<bm^ 



InJtCfeS. C0pSGa ( .,A l x N*7y Hil 

tCfcOT. fi5)5:-i:{ipSH-/t> hJMgtLT, 
HOMgCit) p§a<rtftt : £f#'TV'>£>Ii:-C-;&.5<, C©M 
g©frfc$£il©pMH-^> K #];LI£Zn, Cd, 
Be, CaSCpiPwiy H£ H -7"T 5 i: pSi^tS 

[0013] MgK-7pSGaN3>^i'H 
7{± v ^©i^In, Al£^i;&V>-7n*lil©g{b 

fe5. !RflC, ^©pMGaN^V** HBfflMJPtt 1 0 
# V"^* H n — A JW±, 0 . 5 p. mJUT fCfS^-T •£ Z t 

bv>„ i:o^>^bD-Ait)*f^ii> pi 

GaAlN^^ HB 6 i:«£i,WtC*Si|g b^f < b , 
^^i-MtltffflbtKKSfc, =7C?l^fflG 
a A 1 N-*7* HJI6©±C, «ES©^&.535tiIII© 
GaN.-J>*£ HJl£«fJl-r£fetfK It-effllfi . 
0.. 5 umJit) t>m< t&t\ SS^BS©5.X7'f >y 
<fc G a N 3 > * * . h » 7 * fc»£ b T ' ■ 

<, iSgStt^fiT-rSOilRltfeSo 3>*^HJB 
7©JRJPfct?3W3:irV f £ffiT&-e&}fe»*4lRl±<*-e 
Sfex CfflpIGaN3>^ MI7 
fflpl K-/l>MiMgT-$iS'M/)i$5. Mgfflipfc 

f) tflh©ps h-^> h * b--7-rs.i: pm<mva#mt> 

[0 0 14] Sfc, piGa,.,A 1,N?7V HA 6, 
fc«f« 3 P3-.3 5 7 0 4 6^Ci*t5 4 0 O'CJ^i© 
hpfj'7'J'I'.l, *iVpS3>i'i' HA, ffiliifi& 

[0015] 

[ffiffl] p - nmttm^fcyzrfr^ummoomihu 

fGa H Al,Ni'7'y H«6©±t, MgH-7pS 
GaN3>^i'H7iMU ^©GaN3>*i?H 

ffi^^^ne)©^©*-;!/^^ uTSft^ai^bfe 

iSS*> pSGa,- X Al x NJI(i*JJ:^ 1 0»6/cm3T*fe 
p^GaN«(±*5 e t^ 1 0"/cm 3 i:-fff»A»o 

£JfcjE£f ^ v ^gm* J ^#^^^-?>t-v^©T•^i«: 

O^ilftl^-rS. plGaAlNi'?^ HJi6© 

±HifflJE!£©^«:SpSGaN3>^^ h»7*^-T-5 
chicJ;!), pSGaNfltr^^7-< >y bJciSlS^ 
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4 pSGaAlN?7ypI6©Al 

tmbtizmma. xfito. 5*tt*iH«flt2:L 

fee 

[0 0 16] 

[0 0 17] [ftlKMl] 1t77^7SIUM^ 
»^-J«ft«flE* 5 1 0"Cfc-fey b U ttU7*7i:l 

77l2^2 0 0^>yx bD--A<E>ji£JpT^g£i* 

[0 0 1.8] rty'yrMZ&M&ts TMG<Dfr±#>x, 
&K£ 1^0 3 0°C£T±#£^£o 1 0 3 0-?Cfc"ft-3& 
% » m b < mUXX tTMG k.7 V ^Epr-ifX; : K— ^1 
> b # ^ £ ^> ^ > # X * ffl V>> 5 i * b' — 7° bfr n M G . 
aNjg3*4//mJ^S^^^o 

[00 19] nI ; GaNl:3ffifii,,i^. 
>b#X£±#>, SJg£8 0 JS»3tfXkb 
TTMG £: TMA ( b ^.W^5=W)-J:7>t- 
=7, F-^>hiI^i:bt^7>5tr^tflv\ nl* 
^ KJB4 hit S i H — rGa0.86A 10.14NH* 
0 . 1 5 jumf&mZitZo 

[0020] mz, mux*, 

S^hlTTMG^TMI (bU^fM>^ 

nifittl 5 hlTS i nO.OlGaO. 
99NJ1S.1 0 Otf>^;* bn— 

[0 0 2 i]*fc, b-^>b#*£ih#>, 

S^SJS* 1 0 2 0°C£T-±#£H*\ gMXhlTT 
MGt, ;'TMAt> T>^-T, b#;*i:bT 
Cp2Mg (^>^D^>^^a:-;i/^^^^^i,) ^£ 

Ga0.86A10.14Njg£O. 1 5 /zmj$JI£i*3o 
[0 0 2 2] TMA(Z>*Jh#>T, pMz3>*^b 

17klT, MgF-rpIGaNi*0. 4//mM 

[oo 2 3] r 

^-'J>^E^Tlifia*, "7 0 0°CT?2 0#|IB 
7— — y>4f*fifV\ pMGaO.86A10.14NS, pi 

[0 0 2 4] W±to«fc5CbT»£ft&£:^-*01 
C^-TJ: 5 Cx yf>^lT> nSGa.NI3§iai^ 
■B\ pIGaN3>^»H7l:{iAuJ:^StS 
8, nt!GaN»3fcttAl<fc!)fc*««9*lft|;)\ 5 



0 0-CT?B«T=-U>^ftfTV^««i:a{b*U^A« 
.<b^»***k*«:US*a. &(4s »SSC|£^5 0 0 

h<T3. JB*f&I««E2 O'mACiJV^s Vf(±5V, % 
MI3 7 0nmTMM7 0 0//W > 
0. 7%fc«ftfc«M4*jj*b& 0 
[0 0 2 5] [*«fl2] HJfi« 1 fcSJivt, MgF- 

ttmrnm ltmmiz *- f *»& t z e> 

JS^|pJ«at2 OmAfc^T, »*a«v-»*m*ttH 
—T*&r>tchK " V f # 4 V-fc*Tf T# *K 
0. 8.8%hfpI±bfeo 

[0 0 2 6] [»J2] tt«lC*V^\ pIMg 
h-T'pSGaNa^^ bMcDWPftO-^ l/zmfc:^ 

I4H— Vf #4.V.tST-T36 J D. 
#0-: 8 8%£|pJ_tl>fco 

[0027] 3 ] mmm i-c^wr* ,tma© 

8fES£^< btx pl^7y KS 6 ©A lMSlt4Ga 
0.55A 1 0;45N £?Z>m±, mmiz bTM^ F 
^fehC5> IE^(&JSSS2 -OmACSlot:, Vftt6 
V t ^ v * B$J| 6 ttT V^ £ SffRJMIt U 
H—Tfv SS*ai*tt4 0 0//W, HS3te»*- 
0. 2%T?*ofc.- 

[0 0 2 8] [HIJE0IJ4] *»mC*Vvt % .nf»7 
* FJi4*«*b*^ftttiaS«l i:^«tLTJ5^ 
Y.t-l«tl»fttC5v ili*[Ria^2 OmA^W; 
Vftt5 VT-fcofctf, J8*ffl*H:2 0 0/zW> 
*0. 2%Tfe^feo 

[0 0 2 9] [tfc*«l] *JII«lt:*^T; TMACD 
Si$:^<bt, pi^7^ FB6 0DAliIliJ±*Ga 
0.5AMjNkt««tt, H«CLT»*y-T*-Ht 
»&.fcC6aiB*ffiI«SK2 OiBAICiSV^ Vf (4 3 0 
VCit!±»b#-5 y^8tttt»fttlTV^^Cfcii 

[0 0 3 0] [iE««2] *JK«lfc^T. pS3> 

5> J1^IrJ«^2 OmAJCi^T. V f J4 3 0 Vt*t? ■ 

1 i:H«fc-r«C«3teb*<«:o&. 

[0 0 3 1] [Jt«09 3] *Jfi«lfc*5V^T^ piW 

+tU7^*IIM!)Si, ^SSJ*^8'0 0 
°Ci:bTMg F-7piI n0.01A10.14Ga0.85N^ 

*tf^h-5s IB^|pI«8K2 OmAItht<-CMb 
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[00 3 2] 

^ARflj^W******^*** plGaAlNi'7i; 
KJf©±£. hJli:LTpMGaNJI£J|<IL 
T^*fe»» Vf V&<ft1t%)miZ&tlfcm?h?ZZ 
LA>fcp§3GaAlN/lfflAl?liltt£Pg 
£TSCtC«£9ifgIlt4£<IftfcMI3p§y*7>> KJf» 

[0 0 3 3] nlM^'^Afft^Wiff 
nSOaAlN*7>ym nSInGa'NI5« 
J1U iwfBpSGaAlN^y . miigpMG a N 



[0 0 3 4] 

[01] *%W©-KMfifJt^5^^?©Pjg*^ 
m^©B8W] 

1 *7 7-fTSS 

2 G a NMy 7 7l 

3 ..... nigft^^AM^iWftl 

4 ..... tnSGaHA^N^^^Kl 

5 • • • • •nlIn,Ga 1 . l Ngttl- 

6 .• • • • •.piGa,.,AljN^7.y FI' ' 

7 • ! • '•. •"piGaN^Vi'^ FJI 

8, 9 • •■■•mm 



[HI] 




7D> h^-^©^# 



(58)^aEbfc7>S(Int.Cl.«; DB&) 
H01L 33/00 
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(57) [S»] 

U >> A«ft««JMM4>ll»t«ft t S u fcC«t t)Vf 
•?)U^ d flfBOJMHR? ©81 « $ «{£ 1" 5 C £ tC J; 

7-$nfcpSGa,- X Al x N ({lbs Xi±0<X<0. 
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y -y ^ ntz pmG & i x n «au x«o<x< 
o. 5) *5yi»jicD±c, wmifiBOLtstii^ismt 

LT> Mg#F-7£ixfcpS!GaN;3>*£ FJ1£|| 

[R&9 2] «rfflpSGai. x Al x N^5y HJiCDK 
Jpttl 0;t>^;* hD-A«±, 0. 2^mWTt^5 

nlGa M Al,N^7yFI (fiU Y«iO<Y< 
1) fc„ nSIn z Ga H Nffitt« «IU ZttO<Z< 
1) ttfimtmmZtlTH*), ^fflhl I n z G ai-zN 
tStt*©±fc» MTfipSOai. I Al z Nj'?<y MWM 

'J * A*fc#*iMMMMfi3*F. 

[0 0 0 1] 

[Sfi_h©fJffl#!5] 
#f**ffl^fc»#Mrpfc«»K «rt«*|q|«£E (Vf)' 

[0 0 02] 

[fl£3fS©ftffi] GaN> GaAIN, InGaN, In 

95eV~6eVttrt 

gft# U •> AM^«^i«| UfeWt>i9»*M I S 

[0003] mi s«ia©&#;fit?i±, -«ic»*uj* 

;U£ *HIB¥ 3 - 2 1 8 3 2 5 9&«fc*V>T» i M^fb 

* y •> A*fb£**#MMi tn+mmm-rztiiffiifimm 

ZtiX^Zo Sfe, #I¥3 - 3 5 7 0 4 69 

X i Sg{b# U ^AM^WiM* 4 0 0 'CW±T- 

Slgbfc. 

[0004] p-n^£D^b*y t i*mtt,&®*m#. 



**Jfflb&«5**^fcUT, 0>J*fc£4Slll¥4-2 4 2 9 

tfi&mttftTtS*), Sfe1IW4-2 0 9 5 7 7tfi« 
T- (i I n G a A 1 N * ^*J1 1 T Z> 9 D fig it© 

[0 0 0 5] 

mxzm-tti&nmx t * v> c ^ i±» *vt v> 5 . u * u 

fb£*j*tl!M*<D««, «U«-Jt*a)HHt«J:»), gfbJtJy 
->A^b^tl*#ft©^tt*5^b<M*oT< 5©T- 

£^£fc^fg?#T'£Tb£5©#3lSl|T-;fc3. b*> 

^A^fb^rW*#;©pS^i:s *<Dp.aigAl3gjft 
fc«*lRl«at.C»U JIB^ISISJE (Vf ) #*<fc.»K 

Sib*f y * Aiflj^ftfi^Ml^-ei^ .^ninje 

®3Stt*V *-Ni®Sfb3*lT l/-if-j*P 

[0 0 0 6] ftoT, **6lfl©jgl<OB«J«U pSISH 

#Oia*«ftt4CtCJ:») Vf ftffiT*.*x 
^(Rll^tS^tCfeSo Sfe, 3§2©Bi$fck*fflS 

? ffl^ffi^ * IrJ±$ -frS £ t IZ $> 2> . 
[0 0 0 7] 

[»«*ip^-rsfe»©^fis] tsopsifb 
* y f A^ft^t)*»#;©±tc*Ji bfc pMgfb^ y *> 

^i:4«ffcCMv^«bfe„ £££*©pSg{b# y -^a 
p - ns^ftsrs^^i/^yniBjicsifljjtf y ai^ 

lGa H Al,N (fib, X(i0<X<0. 5) 9?»Y 
nfe p S G a N 3 > ^ * h A * ad^- 3 C h 
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A1,N^7>>HJI <<BU Y(iO<Y<l) h, nil 
niGa,- Z NfStta (fiL, Z(iO<Z<l) h, b5I3p 
SGa,.,A liN*^ «s> F/fiu ftJiepSiG a Nn 

[0 0 0 8] KftWcomtx U A^b^^^i*^^ 
i?i^©8?>g*^ir®rffiE£@l t^-To T S 
«1©±£, My 77JI2 fc, nlSgfbtf'J OASWb^i 
W»ftl3i:, nlG ai .,Al,N^7yh-14 (0 
<Y< 1) t. nll^Ga^N (0<Z< 1) *S£B 
5fc, Ms h--7pfGa H A 1 X N (0<X<0. 
5) ^77K16t, MgK-ZpiGaN^^^i'h 
J17h#JIIC«li£ftfc#ti§£*rTrSo ft*, 8liMg 
F-7pIGaN3>?f ha7tCl9:lt?>nfcmiS, 9 
tinSSibtf U £ Alft^BflM 3 £i§:tt£>ftfcS 
es-C^)5o tC{±+J-7T-f ZnO, SiC, S 

i§tf6Effl?nii. ^f7rf2(:liAlN, GaN, 
GaAlNStfffiBSns, 

[0 0 0 9] huIB, Stotf'J ^Alft^^fCS^I 

18Ui#fc:K5£-rS*©ft<, GaN, GaAIN, In 
GaN v InAlGaNf, y > Y-7 (SSiSSO) ©g 

Yb^'J^A^b^^i*. $itzi&;>Y-7<»mibi3 

•J^Amfb^^##:t, 0J;l«£Si, Ge, Te> S 

tCfiKS b tz M # ffl v> 3 - i: tfT- £ 3 o 
[0 0 10]*t, nMGa 1 .,Al,Ni'77Hi4 
li, *©fiHf££I n£#g;ftv*H7ciIii©gfb;tfy ^A 
T^l/^^^AfcT-S^S^feSo fc-tfft£, nfGa 
,. Y A 1 y N £ 7 y HJS 4 tCJSffc t -f > ^ >> A £ * 
Si:, *5«y PJ14©fg»ttjWB<fc?K #8#tB*;#<g 
T-TS^^T-feS. nIG ai .,Al,N^7 5/H 

Jl©Yffl£0<Y< l©f5Bi:-f Schick, nl^7 

£ 6 fc » S U < fi, Ytt*0. 5«Ti:-r 
3 £ 1 1 Jt f) lfrF&|«#'J>fc < fgB1£<Z> <fco nii' 7 * 
Ym4W%t>nZo nlGa M Al,N^79K14t: 
fct, Buf3Lfc<fc3£, J > H— 7fflGa H A 1,N, * 

figfibfeGa^AlvN^fflViaciil^T-^So 
[0011] &fc, nS I n z G a,. z Nf£tt« 5 it. * 

omm* a 1 ft n=76«a©afls-r > * a# »j 

>>Ai:-f SjfcgAsfcSo ft-tfft?>, r5tt»tt^7t«T-^ 

D x CW&TfeBfcAlS^StfSta^ip&OSSTte** 
31ft, InGaN©M> h'P^7feS:Rl«-rS<«lR]H*S 

I n z G a i-iNrStSJB 5 <i, -£©Z<g£ 0 <Z< 1 ©$£ffl 

jGa^NiiteJlli, jwfBb yvH-z/CDI 
n z Ga,_ z N/i, SfelinSF-^7h$H-rbtn 



So 387fc#<&i:LTMff, Zn, Cd, Be, C 

a«CDp&P— 7t> b£ K-^LTnSS*m£7r,-f «fcd 
fCfiEHUfc I njGaLjNa^ffiffl-rS-ilfe-r-tSo 

LT nM1ttt*^-r«t ? fC^fibfc I n z G a,.iS*ffi 

Ci:£<fcf), Mfe©feiS^i<U ^7tm**(Sl± 

[0 0 1 2].&tC, Mg K-7p.lG ai .,AlxN^7 
» KJI6<i, nSGa H Al,N^7iy P«4fcPlU 

< , .*©.$!*££ i-n*$*ft^=5cs«©aflj* y $a 

-^A^-TStftStfifeSo ft-lfft*>, milBUfci 
d£-f >i^A£-^r£*s;ii:Jc<fc !), pS^7*r 

I6fflgitt*!I<!& t>, pS!1$tt£^biC< <ft5*> 

t>T'$>2>o.£.tz. piGanAljN^^-y FS6©X 
<i(±0<X<0.. OotU^: 

b v^^i/^ottigt ^3 c o. ,5«tt)^ 

£ < t5 Z £IZ& *3*S^RS*S'J>ft < l^a^4©«fc^^pM 
*7 9>RJ|6£MV6ft«. iS«c0. 5W±T*feSi:, p 
S^7<^ KH6©±t«ii-rSpSGaNzi>^^ b« 

-5 y*gflil* s f§£ftft^fe«>, 0. 5*ii*R^ffli: 
bfc. Sfc^?>H, ;fflMgF-rpSGa H Al,N 
f**l'i6 0lWtt, 10*>^hD-Aa±, 
0. 2>tzmJilT©IEHt-rSii:ASifS L/ v> 0 1 0*> 
hn-Ai!)i^i:> -e©TlcM-rsn^ I n z 
Ga,. z NfSttJi5 i:«^W{c^U-f'-r<ftt), 
V ^*«i:UT{ffflbC<V^„ 3!£0. 2 //mi ») t)J?V» 
7 yp1fi\ t> J f 5 ^"< ft t) IS AtttfiB < ft SH 
|pJC$,So $?>{C, ;fflpSGa,.,Al,N^7'yFi 
t*5V>Tv iS%Ci:lipSh--^>b4MgJ:bT, 
£©Mg£<fc») p^tt^{#TV>SCi:T*3feSo C©M 
g©*>toDlcffe©pMb--^> K mZlZZn, Cd, 
Be, Ca«OpfflH-^>b*H— ^r«J:pSi«M4 
&ne>tiK<<tt *). ^TttB^^fiTf SfilpltfeSc 
[0 0 13] &fC, Mg h*-^pMGaNzi>^^ bJf 
7{i, *OiMIn> Al£^-£ftVA-7ttgil©g*b 

Ttfu^Aii-rs^s^fe-s. ft-ifft?>, -tv^^a, r. 
fgi^f f.tvtc< <ft 0, «ft3!M£#<rF-rsa>e>T- 

fcSo 1ft, ^CplGaN3>^^ h«©JUIMil 0 
hD-AJW±, 0. 5/im«TlCiIt5 3i: 

* s j!f*UV^. 1 0^>^^ ha-A«fct)sb^V>i:, p§« 

GaAlN»7'; Kff 6 i:S^6<Jk:^b-?»-r<ft D, 
hJli:LT#fflblC<VN. Sfc, H7cigH©G 

aAlN^7')-HI6©±C:, fflfiK©^ftS— tcSS© 

GaN^y^^ h»s«»^sfc», amzzcommz 

0. 5//m<t?)*)P<-r5i:, i^aH©^^7^ bic 
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8CJ:#Tga. CCDpI0aN3>.*irH7 
D fcflt© P-3S F > h 4 H --/f £ i: p 3SW 14 6 

ttc< <& aflame* ?k 

[0 0 14] £fc. pSGa H Al x N^7^ K«6, 
pSGaN»**6Cftaa;^-ra*ISkUT, ±§Bb 
fe^Si¥3-3 5 7 0 4 6^fc:H*vrS4 0 0°CU±CD 

[0015] 

[ftffl] p-n^*M^fey^;i/-N^u«jg(3[)^b^ 
IGa. H Al x N^7^ HJB6©±fc v Mg K-7p,I 

i^#^tl&<BJl(D*^;Mr* Ur«**SJ^bfe 
SSJUx piGa H Al x N|Mj;^ 1 0 16 /cm 3 T*fe 
!K paGaNltt*«l 0 17 /cm 3 ^-«ri*^^ 

VMfr piGaAlN^7^FI6© 

±.tzmm<Dmtez> psg aNzj ^ h a 7 *jfcja-ra. 

pSGaNItU^.^ncWft?* 

-T^Mli. pSGaAlN»7^KJB6©Al 
fifflittt4>&l^;£#J;V* 0 ffioT,pIGaN^>^^ 

[0016] 

[0 0 17] [«fc#Jl] *77>f r»«l*SjiBS» 

6XJISJS£5 1 0°C£*y hU +t'J7<f^kl 
TjJcfPt, IWXi:lt7>^7hTMG (b'J^f 
;i/#«J*A) fc*/BW t7 7>f7««S±CGaN^y 
77l2^»2 0 07j*>y^ hD-ACDMJPT*J58fi** 

So 

[0 0 1 8] yty^rJi2ja»|ft, TMO<D#±»T* 

&K&1 0 3 0°cjf±^«o i 0 3 0°ci:*ofe 

> htf^fcl:^ V\ SiSH-7bfenIG 



aN1344/zm«^«o 

[0 0 1 9] nSGaNjg3j$fi^ tfJWf*. K->t 
>b#;*£±gK SJK*8 0 0°CtbT> mftrtZtL 
TTMGkTMA ( b U *^J17)U ^ A) £T>^E 

7^ KJB4 fcUTS i K-rGaO.86A10.14Ng* . 
0. 1 5Am^fSo 

[oo2o]-«c % mux*. Hwt>bsr^«±», 
sjr*8 0 o*ccbT, *t ur^sgiceios 

X., IS^tlTTMGilTMI (h'J^fM>^' 

*»V\ nSglil 5 fc b.T S i b'-^I nO.OlG aO. 
99NJf£ 1 0 0^>^hn-A^f|, o 

[0 0 2 1] JKtttf*; h\->^>h;tf;*£it#K 

STTiBJRft 1 0 2 0°CST*±#^*, I^iilTT 
MGh, TMAh> T>^E— 7\ ^>K^hbt 
Cp2Mg {i/&U^y9i/x-—)V^#*i/Vk) h£ 
fflW v .pI^^y FI-e/hlT, Mg*Fr?lfepl 
GaO,86A10.14NJi*0.-.1..5/zm«S**So 

[0 0 2 2] TMA0MJ6T, pl3>^> 

«7.hbTx MgF-7:piGaNI^0. 4//mM 

[0 0 2 3] S**£jfc£S*&Sfc&tHU r 

--'J>^Ii:Tli#i^*, 7 0 0°C7? 2 ofrm 
7-— U>^*fxV^ pMGa0.86A10.14NJg, pi 

[0 0 2 4] W±CD«k-5k:bT^6nfe^Ji^— 
t^t«(lx^f>ybt v nMGaNJI3&gHJ£ 
^ p38G.aN^>*^ h«7fcliAuct 
8, niGaNi3MAU t)&*«S.9*»W\ 5 

o o o CT*BJSr^-';>^*fTV>m®^^b^u 
ft»*»»i:«i:if5 0 mt. ff«C«i^5 0 0 

JB#lRl«jK2 0mAi:iW v V'fii5Vv * 
*$S3 7 0nmT*MfflM7 0.0/zW, 
0. 7%i:«tifc19ff*^b&. 
[0 0 2 5] CMGNIM 2 ] %Kffl 1 lz#i>X. Mg?-- 

7piGaN^>^^ vmommzo. umcm 

Jli*fpI«8E2 OmAt^T, #87^*14 1^1 

-X&^tztt, Vf#4VCiT?T#D, 
0. 88%hfp)±bfeo 

[0 0 2 6] [*fll«2] ftK«lC*V^T, pSMg 
F-7pSGaN3>^^ h«cojpjp*0. UmCt 

zmtnmm i t c 

^ JR*|pJ««K2 OmAfciJt^T, 287fe$fi> ^jfeffi^ 
fcfcBI-'Cfco&j&s, Vf #4 Vfc*-CT#iK 

#0. 88%£fqJ±bfco 

[0027] smmm3i mmmi^^x. tma® 

I14^<LT. pS^^y KaecDAliBSJtSGa 
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0.55Al0.45Ni:f -Sflfeli. Rttt: br^tt^ F 
H*I6JS»S2 OmA£*5^T, Vftt6 

V i: ? v >? mm #*# tvT v > £ ffl £ 5* b » 

ftftmmitm-T'. MttsM4oo//w, #B7fc2&* 

[0 0 2 8] [SISS0H] lUffitf!] 1 ££V>T, nl^7 
v K«4£j$ftbfcv^{±!»?ite0ijl i:RJ«tbT$§7fc*' 

■<*-\**mfrt.z?>, omA^^r, 

Vf tt5 VTi&ofcA^ MtB*li2 0 0«W, $g}fc&) 
^0. 2%T-fe^fco 
[0 0 2 9] [tt$t0lj 1 ] nm&i 1 £*5.V>T. TMAffl 
bT, pS»7>y KH6fflAl?Ifli±£.Ga 
0 . 5 A 1 0 . 5 N £ T Z>m±\ .PflStCLTlgtt^ H * 
mtztZZ, IH*l6]Ss^2 0mAt*5V>T, Vf(±3 0 

V £ £ T-±# b*- S <y.&-8ttttft h tiT v^fc o ^ t # 

[0 0 3 0] .[KWiajHHIl-C^T, p^n> 
5< Je*|qjH8St2 'OmAC*VJt\ V.fti3 0VH£T- 

i fc^«fc-r«fc&5teb.&<&ofc. 

[0 0 3 1] [Jtttftl 3 ] % ftft 1 1 *3 Va t % p 

UTtf^Sgfiittflf)^, *#Jt?ag£8 0 0 
•ClC bTMg K-7pi I nO.OlA 10.14G a0.85N^ 



[0 0 3 2] 

[anpj©^] w±^bfc«t5Jc, **w©afls#y 

K«©i:£, b«i:bTp§3GaNJl*iySib 

vf #&<ftft®mic®ntim : i L £T2>z 

t&X-ZZo b*>*pMGaAl/NJlCDAlSglt*E 
^^-SittCktJi^attlCffitVfciiHBpa^^^ KJ1> 
Hul3pMn>^^ hB4?#S^i;#T-t. Vf{£T£* 

[0 0 3 3] nfSft*U ->A*fli^»**it 

nlGaAlN^ KJf, inSInGaNMt 
«bv fjlBp^GaAlN^7>>"K«, milBp^GaN 

V>3S:VM/-1f-^?(D^jtCDtXhi:bT, ^CD*H_h 
[0 0 3 4] 

■tmamm®. 



1 f77Y7SS 

2 GaNMy7rI 

3 ...... nS»fl5-3tf'J>>&JRfl3^«*#*Ji 

4 nSG a'l.yA l^N^ 7 v YM 

5 .... ■nfiIn,G8 M Nfittl :' 

6 • • • r •pSGartAliN*7vH)| 

7 ■ pIGaNa >9 t?'Yf§ 

8. 9 - • • ■ • mm 
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(57)Abstract ;* 
PURPOSE: To enable a gallium nitride compound semiconductor light 
~ emitting element to be lessened in forward potential and improved in 
emission efficiency by a method wherein a P-type GaN. contact layer is 
formed on a specific Mg- doped clad layer. 

CONSTITUTION: A buffer layer 2 is grown on a sapphire substrate 1, and 
then an Si-doped N-type GaN layer 3 is made to grow thereon. 
Thereafter, an Si- doped Ga0.86AI0.14N layer is grown as an N-type clad 
layer 4, and furthermore an Si-doped In0.01 Ga0.99N layer is grown as an 
N-type active layer 5. Then, an Mg-doped P-type GaN layer is grown as a 
P-type contact layer 6. Thereafter, the substrate 1 is taken out of a 
reaction oven and annealed to lessen a P-type GaAl layer 6 and a P-type 
GaN contact layer 7 in resistance. The wafer obtained as above is etched 
to make the N-type GaN layer 3 exposed, an Au electrode 8 is provided 
to the P-type GaN contact layer 7, an Al electrode 9 is provided onto the 
N-type GaN layer 3, and then the wafer is annealed again and then cut 
into chips. 
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